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ABSTRACT 
Decadal mean temperatures show a warming over the past 60 years at individual 
stations in Alaska.  This research examines corresponding changes in frequencies of extremes of 
temperature and precipitation based on daily data from 26 Alaskan surface weather observing 
stations from 1950 to 2008.  Extreme events were defined as the upper one percentile of 
events.  Data were analyzed seasonally for each of six climate regions.  Results indicate an 
overall increase in frequency of extreme maximum temperature events, a decrease in 
frequency of extreme minimum temperature events, and an increase in frequency of extreme 
three-day precipitation totals.  Regional and seasonal variation is apparent, with the strongest 
trends occurring in the winter and spring seasons.  Statistical significance is established through 
a series of Monte Carlo tests that preserve the distributions of the values.  The winter and 
spring trends at many of the stations are significant at the 99% level. 
In spring, all stations in all regions, except the Southeast, display increases in frequency 
of warm extremes and decreases in frequency of cold extremes with at least 90% significance.  
Most stations in the Southeast displayed the same patterns with a high degree of significance.  
Winter had the next greatest increases (decreases) in the frequency of warm (cold) extremes, 
also with a high degree of significance.   Precipitation results are highly variable and generally 
not as significant as patterns in temperature extremes.  Decreases in frequency of extreme 
three-day precipitation events were found in the Arctic region for winter, spring, and summer, 
and are significant at the 90% level and greater.  Significant decreasing trends are also seen in 
the Southwest in spring.  The greatest increases in frequency of precipitation extremes are 
observed in the Southeast in winter.  About half of all stations in the Southeast show 
moderately (80% or greater) significant increases during spring, summer and fall.  Significant 
increases are also seen in winter and spring in the West Central region.   
Four of six regions (West Central, South Central, Southwest, and Southeast) show fewer 
minimum temperature extremes in winter and more maximum temperature and heavy 
precipitation extremes in summer during the more recent sub-period (1980-2008) relative to 
the earlier sub-period (1950-1979).  
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CHAPTER 1 
PREVIOUS WORK 
1.1 INTRODUCTION 
There is growing concern that changes in frequency and intensity of extreme weather 
and climate events are due to human activity (Trenberth et al., 2007).  In order to attribute 
changes in these extreme events, we must first conclude whether statistically significant 
changes are indeed occurring, and if so, where.  Analyses of changes in frequency and intensity 
of extreme events have been conducted rather thoroughly for the mid-latitudes (e.g., IPCC, 
2007, Chapter 3).  However, a detailed analysis of the higher latitudes is largely missing from 
recent publications.  It is important to examine possible changes in extreme events as they have 
a larger impact on humans and ecosystems than do changes in means.   
In recent years, there has been an increasing demand from stakeholders and decision 
makers for a better understanding of extreme events.  Because of the high impact of extreme 
events, both physically and economically, decision makers (e.g., city and regional planners, 
natural resource managers) recognize the need to be able to better account for and predict 
such occurrences.  Improvement in the ability to predict extremes relies on an increase in 
number and consistency of analyses of past events.   
The expectation of recurrence based on past observations forms the basis of building 
codes, infrastructure design and operation, land-use zoning and planning, insurance rates, and 
emergency response plans (CCSP, 2008). 
 
1.2 DEFINING EXTREMES 
 Definitions of extreme events are mostly arbitrary and can vary widely.  This can make 
comparison of results amongst various studies quite difficult.  Extremes may be defined as the 
top and bottom 0.1%, 1%, 5%, or even 10% of occurrences of a particular variable or type of 
event.  They can be defined based on threshold value or return period.  Exceedance thresholds 
are also chosen on a somewhat arbitrary basis and can vary widely.  Threshold values may be 
days with maximum temperatures exceeding 90°F, 95°F, or 100°F; or they could be more 
obvious values such as days with minimum temperatures below freezing (32°F).  Threshold 
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values are often driven by the nature of the research being undertaken, such as agricultural 
research in which a specific crop may not grow or reproduce above or below a given 
temperature.  The same can be said for methods employed in choosing return periods.  There 
is, of course, reason and methodology applied when choosing whether to use 10-year or 100-
year return periods, but there are still no scientific standards in place for defining extreme 
events.   
 Temperature extremes can be defined in terms of heat waves and cold waves which are 
defined by duration and threshold temperature, both of which can vary from study to study.  
Precipitation extremes can be considered in terms of heavy precipitation or extended periods 
with little or no precipitation (drought).  Again, the problem here is choosing the criteria on 
which to base the analysis.   
Precipitation can vary quite widely over a relatively small region due to changing 
geographic features and proximity to maritime or topographic influences; such is the case in 
Alaska.  Precipitation rates vary greatly around the state of Alaska and around the vast Arctic 
region in general.  Changes in topography from coastal to inland regions are the major driver 
for these differences in average precipitation amounts and, in turn, for major differences in 
precipitation extremes.  This results in the need to define station-specific thresholds for dry 
periods, thereby complicating the research process significantly.  Due to this complexity, only 
heavy precipitation events are considered in this study.   
 Yet another way of defining extreme events can be based on the impact they have on 
society.  This can be measured in terms of excessive loss of life, excessive economic or 
monetary losses, or both (Easterling et al., 2000). 
These are just some common examples of extreme event definitions and by no means 
encompass all possibilities.  The lack of standard, consistent definitions in this area of research 
leaves the options limitless. 
For the purpose of this research, maximum and minimum temperature extremes are 
defined as the warmest and coldest one percent of events, respectively.  Heavy precipitation 
extremes are the heaviest one percent of three-day totals of precipitation.  The top one percent 
was chosen in order to impose strict limits and ensure that the events examined are truly non-
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representative of average values.  More liberal limits will, by virtue of being larger percentages 
of the sample, create a higher frequency of extreme events.  While this can still be useful for 
examining changes in frequency, we find it useful to restrict the definition to include only the 
most extreme events. 
 
1.3 PREVIOUS RESEARCH 
 Much work has previously been done to examine changes in frequency and intensity of 
extreme temperature and precipitation events.  Though the Arctic region is largely missing as a 
region of focus, previous research has been conducted and is reviewed here. 
 The Bulletin of the American Meteorological Society published a series of five articles in 
2000 examining changes in frequency and intensity of extreme weather and climate events.  In 
one of these articles, Easterling et al. (2000) summarized observed variability and trends in 
climate extremes.  They found an increase in global mean temperature of about 0.6°C since the 
start of the twentieth century and that this warming is associated with a stronger warming in 
daily minimum temperatures than daily maximum temperatures.  They also reported an 
increase in global precipitation over the same time period.  Along with these increases in 
averages, the study claims that it is reasonable to expect corresponding increases in extreme 
events.   
Extreme temperatures were examined regionally, though no results were presented 
specifically for Arctic regions.  Results were presented from several different studies, in a 
variety of ways, and for a variety of different observation periods.  One of these studies showed 
that the start of the frost-free season in the United States was occurring 11 days earlier as 
compared to the 1950s.  Other results show a slight downward trend in the number of days 
below freezing for the observation period of 1910-1988 over the entire United States.  Analysis 
of absolute daily temperature extremes, by month and annually, showed little or no trend for 
maximum temperatures, but generally strong increases in minimum temperatures for the 
period from 1951 to 1989 for both the U.S and former Soviet Union.  It is unclear from the 
study as to whether or not Alaska is included in the area examined or if it refers only to the 
contiguous United States. 
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Trends in heavy precipitation events were examined for 1-day and multi-day totals.  
Results showed that the number of days annually exceeding 2 inches of precipitation has been 
increasing in the United States.  The period of record and area of study for these results was not 
specifically defined in this paper.  Other results show the frequency of 1- to 7-day precipitation 
totals exceeding station-specific thresholds for one in 1-year and one in 5-year recurrences as 
well as the upper five percentiles have been increasing in the United States.  Increases were 
largest for the Southwest, Midwest, and Great Lakes regions.  These increases in extreme 
precipitation events were responsible for a disproportionate share of the observed increases in 
total annual precipitation.  The only Arctic region specifically examined in this study was 
Norway.  For a period of record from 1901 to 1996, and for summer only, an increasing linear 
trend of 1.9% per decade was observed, though this trend was not found to be statistically 
significant. 
The Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report 
(AR4), published in 2007, included much research on regional changes in extreme weather and 
climate events.  Unless otherwise stated, the IPCC AR4 defines extremes as events occurring 
between 1 and 10 percent of the time at a particular location for the reference period from 
1961 to 1990. 
All regions examined (including the Arctic, examined by Groisman et al., 2003) showed 
patterns of changes in extremes consistent with a general warming, although the observed 
changes of the tails of the temperature distributions are often more complicated than a simple 
shift of the entire distribution would suggest. 
The IPCC AR4 found a significant decrease in the annual occurrence of cold nights over 
74% of the global land area sampled.  A significant increase was found in the annual occurrence 
of warm nights for 73% of the area.  This pattern implies a positive shift in the distribution of 
daily minimum temperature throughout the globe.  Minimum temperatures showed a greater 
increase than maximum temperatures, which led to a reduction in the diurnal temperature 
range since 1951.  The change in four extreme indices (presented in Table 3.6 of IPCC AR4) 
indicated that the distribution of minimum and maximum temperature had not only shifted, 
but had also changed in shape (i.e., a change in probability density function). 
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The evolution of rainfall statistics, as reported in IPCC AR4, was marked by variations on 
the interannual to interdecadal time scale and trend estimates were variable for the latter half 
of the twentieth century.  Results were presented for Europe where a clear majority of stations 
showed increasing trends in the number of moderately and very wet days (defined as wet days 
(≥ 1mm of rain) that exceed the 75th and 95th percentiles, respectively) during the second half 
of the twentieth century.  For the contiguous United States, results showed statistically 
significant increases in heavy (upper 5%) and very heavy (upper 1%) precipitation of 14 and 20% 
respectively.  Much of the increase occurred during the last three decades of the twentieth 
century and was most apparent over the eastern parts of the country.  For Europe and the 
United States, the relative increase in precipitation extremes was larger than the increase in 
mean precipitation, indicating that heavy events accounted for an increasing proportion of total 
precipitation.  This trend is consistent across all regions examined.  In some regions, such as the 
northeastern United States, an increase in heavy precipitation was observed, while total 
precipitation and/or the frequency of days with an appreciable amount of precipitation (wet 
days) was either unchanged or decreasing. 
Analyses for Canada excluded the high-latitude Arctic and found no identifiable trends 
in extreme precipitation for the country as a whole, though the frequency of precipitation days 
did significantly increase during the twentieth century (Zhang et al., 2001; Vincent and Mekis, 
2006). 
It is noteworthy that any focus specifically on the Arctic region is absent from the 
analyses presented in this section of the IPCC AR4 regarding extreme events. 
In 2008, the former Climate Change Science Program (CCSP - now the United States 
Global Change Research Program) published Synthesis and Assessment Product (SAP) 3.3 which 
addressed the topic of weather and climate extremes.  In this publication, the term weather 
extremes signifies individual weather events that are unusual in their occurrence.  In order to 
qualify as a weather extreme, an event must minimally lie in the upper or lower ten percentile 
of the distribution, or have destructive potential, such as hurricanes or tornadoes.  The term 
climate extremes refers to the same type of event, but is viewed over seasons or longer 
periods. 
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 SAP 3.3 found the largest increases in the 90th percentile threshold temperature in the 
western part of North America from northern Mexico through the western United States and 
Canada and across Alaska for the observation period from 1950 to 2004.  These results were 
statistically significant at the 5% level across almost all of Alaska, with the exception being in 
the Aleutian Islands. 
 All of Alaska showed an upward trend in the number of days with unusually warm daily 
low temperatures for the period of record 1950-2004.  The largest increases in daily maximum 
and minimum temperatures were found to occur in the colder days of each month for the 
United States and Canada. 
 A highly significant upward trend in the number of heat waves was found for the United 
States since 1960.  This recent period’s increase of heat wave index was accompanied by a rise 
in extremely high nighttime temperatures.  Additionally, the last ten years (leading up to SAP 
3.3) saw a lower number of severe cold waves than any other 10-year period since record 
keeping began in 1895 for the United States.  This decrease has been attributed more to the 
decreases in frequency of extremely low nighttime temperatures than to extremely low 
daytime temperatures. 
 This SAP reports a trend toward wetter conditions over much of the conterminous 
United States, but a trend toward drier conditions over southern and western Canada, Alaska, 
and Mexico since 1950.  In Alaska and Canada, the upward trend in temperature made a 
substantial contribution to the upward trend in drought, due to an increase in evaporation 
rates.  While drought can be defined in a number of ways, this report focuses on meteorological 
drought as defined by the Palmer Drought Severity Index (PDSI). 
 One of the clearest trends identified in SAP 3.3 was an increasing frequency and 
intensity of heavy precipitation events in the United States.   Southern Alaska showed an 
upward trend in the frequency of heavy precipitation events of 39%.  However, this trend was 
not found to be statistically significant. 
 Synthesis and Assessment Product 3.3 also briefly examined projections for future 
changes in extremes and reached the following conclusions: 
 Abnormally hot days and nights and heat waves are very likely to become more frequent 
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 Cold cays and cold nights are very likely to become much less frequent 
 The number of days with frost is very likely to decrease 
 Droughts are likely to become more frequent and severe in some regions as higher air 
temperatures increase the potential for evaporation 
 Over most regions, precipitation is likely to be less frequent but more intense, and 
precipitation extremes are very likely to increase 
The italicized terms above, which refer to likelihood of occurrence, are defined by a scale given 
in Figure P.I on page X of SAP 3.3.  The scale spans from 0 to 100% and is defined with fuzzy 
boundaries.  The terms likely and very likely, as used in the statements above, correspond to 
approximate likelihoods of greater than 60% and greater than 85%, respectively.  Statements 
made without likelihood qualifiers in this publication, such as “will occur”, are intended to 
indicate a high degree of certainty (i.e., approaching 100%). 
 SAP 3.3 was just one in a series of 21 Synthesis and Assessment Products.  These 21 
reports were synthesized into a national climate assessment entitled Global Climate Change 
Impacts in the United States (GCCI), which was published in 2009.  Some general findings 
include an expectation of a widespread trend toward more heavy downpours, with 
precipitation becoming less frequent and more intense, and more precipitation falling as rain 
rather than snow.  On a seasonal basis, most of the United States is projected to experience 
greater warming in summer than in winter.  This document specifically addresses observed and 
projected changes of extremes in Alaska and reports an opposite expectation of seasonal 
warming as compared to the rest of the United States; greater warming in winter than summer. 
 Heat waves, defined as a period of several days to weeks of abnormally hot weather and 
often with high humidity, have been on the rise in recent decades.  Model-based projections of 
frequency of extreme heat events show increases for most of North America.  Simulations for 
2080-2099 show that currently rare heat extremes (one in 20-year events) are projected to 
become more frequent.  Far northern reaches of Alaska show as little as three years separating 
these currently rare events in the future. 
 Alaska showed a 23% increase in the amount of precipitation falling in very heavy 
precipitation events (highest 1% of all daily events) from 1958 to 2007, as reported in the GCCI 
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report.  Alaska had the fourth highest increase behind the Northeast (67%), Hawaii (37%), and 
the Midwest (31%).  Alaska also showed a 13% increase in the number of days with very heavy 
precipitation during the same period.  The state once again had the fourth highest regional 
increase behind the Northeast (58%), Hawaii (46%), and the Midwest (27%). Regarding extreme 
dry periods, climate model projections for Alaska indicate an increased likelihood of summer 
drought. 
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CHAPTER 2 
BACKGROUND AND OBJECTIVE 
 It is well known that Earth has experienced an overall warming trend in recent decades.  
As can be seen in Figure 1, this warming is more pronounced in the higher-latitude regions, 
including the Arctic.  Alaska experienced an overall warming of 3.1°F in its mean annual 
temperature from 1949 to 2008 (Figure 2).  The same figure reveals that most of this warming 
occurred in winter and spring, and the smallest change occurred in autumn.  This seasonal 
dependence in warming trends is depicted geographically in Figures 3 through 6.  These maps 
show seasonal patterns similar to those seen in Alaska for much of the Western Hemisphere 
high latitudes. 
 The warming trends observed during this period of record (1949 to 2008) lead to the 
first two hypotheses that are examined in this study.  With an overall shift in the mean 
temperature (assuming no change in the shape of the probability distribution functions), we 
expect to see corresponding increases (decreases) in the frequency of extreme warm (cold) 
temperatures.  Thus, the first two hypotheses are: 
 
1. Frequency of extreme warm events is increasing. 
2. Frequency of extreme cold events is decreasing. 
 
As the atmosphere warms, evaporation increases, and the atmosphere’s capacity to 
hold moisture also increases.  This holding capacity increases by about four percent for every 
1°F rise in temperature (GCCI, 2009). Concordant with these changes in the water cycle, we 
expect to see a corresponding increase in the number of extreme heavy precipitation events in 
some regions and seasons.  Thus, the third hypothesis is: 
 
3. Frequency of extreme heavy precipitation events is increasing. 
 
The fourth and final hypothesis to be tested in this research is a bit more complex.  The 
goal is to compare changes in frequency of extreme events (warm, cold, and heavy 
precipitation) in the earlier half of the period of record (1950 to 1979) to the latter half (1980 to 
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2008).  There are a couple of considerations that must be made in order to define a hypothesis 
for testing.   
When mean annual temperature departures are examined for each year from 1949 to 
2008 (Figure 7) we see an obvious stepwise shift from mostly negative to mostly positive 
anomalies around 1976.  This shift corresponds to a known shift in the Pacific Decadal 
Oscillation (PDO) from its negative to its positive phase.  The positive phase of the PDO is 
characterized by increased southerly flow and warm air advection into Alaska during winter, 
resulting in mostly positive temperature anomalies (Alaska Climate Research Center, 2008).  
Based on the occurrence of this phase shift in the earlier half of the period, we could expect to 
find the greatest changes in frequency of extremes in that period.  However, looking at annual 
temperature trends within each sub-period as shown in Figures 8 and 9, we clearly see a 
greater increase in average annual temperature in the latter half of the observing period (1950 
to 2008).  Based on this pattern of accelerated warming, we could hypothesize that the changes 
in frequency of extreme events would be greater in the latter half of the period of record. 
Only three years (1977-1979) of strong positive anomalies that began after the PDO 
phase shift are included in the earlier half of the observation period (Figure 7).  Additionally, 
accelerated warming trends are clear for most regions of Alaska in the latter half of the period 
(Figures 8 and 9).  Based on these observations, the hypothesis to be tested in this research is 
as follows: 
 
4.  Changes in frequency of extreme events are greater in the latter half of the period of 
record (1950-2008).  
 
 The objective of this study is to test the four hypotheses as defined above and to 
determine whether Alaska is experiencing changes in extreme events corresponding to the 
overall warming trends observed in the Arctic.
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CHAPTER 3 
DATA 
3.1 DATA SOURCE 
 The data used in this research were obtained from the Midwestern Regional Climate 
Center’s (MRCC) Applied Climate System (MACS) database.  The original source of this data is 
the National Oceanic and Atmospheric Administration’s (NOAA) National Climatic Data Center 
(NCDC) Surface Weather Observations (SWO) stations.  The parameters used were daily 
maximum temperature, daily minimum temperature, and 24-hour precipitation totals. 
 
3.2 QUALITY CONTROL 
 Quality control checks were originally performed on this data by the National Climatic 
Data Center and each value was assigned a Quality Flag (or Q-flag) as defined below: 
Quality Flag Description 
0 Observed data has passed all internal consistency checks. 
1 Validity indeterminable (primarily for pre-1984 data). 
2 Observed data has failed an internal consistency check (subsequent edited 
value follows observed value). 
3  prior to 1 Jan 1984 Observed data exceeded preselected climatological limits during conversion 
from historic TD-9750 files. (No edited value follows) 
3  1984 through 1988          
and 1996 to current 
Observed data has failed an internal consistency check. (No edited value 
follows) (Low level of confidence of observed value). 
3  1989 through 1995 Observed data has failed an internal consistency check but passed a manual 
inspection of the data. (No edited value follows). 
4 Observed data value invalid. (No edited value follows). 
5 Data converted from historic TD-9750 files exceeded all known climatological 
extremes. 
D Wind direction code is invalid (PKGS through December, 1983 only). 
E Edited data value passes all systems checks – no observed value present. 
S Manually edited value passes all systems checks. 
 
For this research, Quality Flags were examined for each data point.  Values of 0, 1, S, and E 
were all accepted.  Quality Flag values of 2 were accepted after verifying that the edited values 
were used in the MACS database.  Q-flag values of 3 are date-dependent and were treated 
accordingly.  Values falling between 1989 and 1995 have already passed a manual inspection 
during quality checks at the NCDC, and were therefore accepted for this study.  Observations 
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occurring during time periods which failed internal consistency checks (prior to 1984; between 
1984 and 1988; 1996 and later) were examined and accepted if values were determined to be 
reasonable (i.e., if they did not lie outside of the range of all known climatological extremes).  
Q-flags of 4 were also kept if values were determined to be reasonable.  This determination was 
made by examining surrounding values to check for persistence and comparing to values from 
comparable seasons/months from all other decades/years within the period of record (POR) to 
check for consistency.  One data point was assigned a Q-flag value of 5 by the NCDC.  This point 
was a precipitation observation for Homer on January 15, 1950, with a value of 60 inches within 
a 24-hour period.  The recorded value was discarded and treated as a missing value for this 
study.  One other data point was discarded due to an unreasonable value.  Maximum 
temperature for Sitka on December 8, 2008 was recorded as 126°F, and was therefore treated 
as a missing value.  This data point did not have a suspect Q-flag value, but was discovered 
during analysis of the data. 
 
3.3 GEOGRAPHIC REGIONS 
 There are three primary factors that contribute to Alaska’s climate:  latitude, 
continentality, and elevation.  Alaska covers an area of about 586,400 square miles and spans 
almost 20 degrees of latitude from about 51°N to 71°N.  This expansive spatial coverage and 
high-latitude environment cause the state to experience extreme seasonal variability in solar 
radiation.  North of the Arctic Circle (commonly defined at 66°N) areas experience constant 
daylight during the summer and persistent darkness for at least some part of the winter (Alaska 
Climate Research Center, 2008). 
 Alaska’s coastline spans approximately 6,640 miles, meaning that a significant portion of 
the state is influenced by ocean waters and the seasonal distribution of sea ice.  Areas 
predominantly influenced by the sea are characterized by relatively small seasonal temperature 
variations with high humidity.  Conversely, inland locations cut off from the moderating 
influence of the sea experience a continental climate, characterized by a large daily and annual 
temperature range, low humidity and relatively light and irregular precipitation (Alaska Climate 
Research Center, 2008). 
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 Elevation also varies widely across Alaska; from coastal locations at sea level to high 
peaks such as Mount McKinley which rises over 20,000 feet above sea level (Netstate, 2009).  In 
interior Alaska, lower elevations such as the Yukon Flats and the Tanana Valley experience 
extreme cold in the winter and high temperatures in the summer.  In the winter, temperature 
inversions are common under conditions of clear skies and light winds.  When this happens, the 
lower atmosphere essentially decouples from the upper atmosphere resulting in extremely low 
surface temperatures.  However, locations with just a few hundred feet of elevation above the 
surface can be significantly warmer.  Elsewhere in the state, such as the southern coast, 
locations at high elevations receive much higher amounts of precipitation and temperatures are 
generally cooler (Alaska Climate Research Center, 2008). 
Contrary to the situation in the contiguous 48 states, there are no official climate 
divisions for Alaska.  Stations used for this study were divided into six geographic regions 
adapted from the Alaska Climate Research Center.  The Center divides the state into nine 
climatological regions as shown in Figure 10.  This research project collapsed these nine regions 
into six in order to capture more stations per region, thereby making apparent trends more 
robust.  While analyses were performed for a total of 26 stations used in this study, only one 
station from each region was chosen for graphical representation.  The following table shows 
the regions chosen for this study, the corresponding regions from Figure 10, and the 
representative station chosen from each region: 
 
 
 
Region Corresponding Region(s) from Figure 10 Sample Station 
1 - Southeast 1 (Southeast) and 2 (South Coast) Juneau International AP 
2 – South Central 4 (Copper River Basin) and 5 (Cook Inlet) Kenai Municipal AP 
3 – Southwest 3 (Southwest Islands) and 6 (Bristol Bay) Saint Paul Island AP 
4 – West Central 7 (West Central) Nome Municipal AP 
5 – Interior Basin 8 (Interior Basin) Fairbanks International AP 
6 – Arctic 9 ( Arctic Drainage) Barrow AP 
14 
 
3.4 STATION SELECTION 
 This study is based on the analysis of 26 Alaskan surface weather observing stations.  
Station criteria were based on period of record (POR) and percent completeness of those 
records.  Minimum requirements for inclusion of stations were generally that they cover the 
time period from 1949 to 2008 and that those records be at least 90% complete, though most 
have 95% or greater coverage.  Completeness of data for each parameter at each station was 
available from the NCDC’s First Order Summary of the Day West and NCDC Summary of the Day 
West disks for the entire period of record. Percent completeness of data was calculated 
individually for each station, by parameter and by decade.  Results are presented in Table 1. 
Exceptions regarding criteria for inclusion were made for several stations.  Anchorage 
was included despite its approximate 75% coverage in the 1950s.  Anchorage is a major city 
with excellent records for the duration of its POR and thus was included in this study.  Bettles, 
having approximately 85% coverage in the 1950s, was included due to the need for stations 
located within the interior basin of Alaska.  Big Delta and Northway include a few values just 
below 90%, but were included for their interior locations.  Also included for interior location 
was Tanana, with approximately 80% coverage in the 1970s.  Other stations that include values 
below 90% are Sitka, Iliamna, and Ketchikan.  These stations were also included in order to 
improve spatial coverage. 
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CHAPTER 4 
ANALYSIS 
4.1 METHODS 
4.1.1 Data Conversion 
 Once stations were selected, data were prepared for analysis.  Precipitation records 
from the surface weather observing stations are for 24-hour periods, including snow liquid 
water equivalent for days with frozen precipitation.  Days for which trace precipitation was 
recorded were assigned a value of 0.0025 inches, a median value given a typical trace 
precipitation range of 0.0 to 0.005 inches (Yang et al., 1996).  One-day precipitation totals, 
including the assigned trace values, were then tallied to create three-day running totals of 
precipitation in an attempt to capture extreme precipitation from multi-day events.  Any three-
day period containing one or more missing 24-hour total was recorded and treated as a missing 
value. 
 Daily minimum and maximum temperature values, which were originally recorded in 
degrees Fahrenheit, were converted to degrees Celsius for analysis purposes.  The program 
used to convert the temperatures maintained two decimal places; thus, it is important that 
these converted data not be misconstrued to represent a false sense of accuracy in the 
temperature record.  Original temperatures were presented as integers only. 
 
4.1.2 Calculation of Extremes 
 Extremes are defined as the highest one percentile for the purpose of this study.  For 
three-day precipitation events, the heaviest one percent of events was calculated.  For 
temperature, the warmest one percent of maximum temperatures and coldest one percent of 
minimum temperatures was calculated. 
 In calculating the top one percent of three-day precipitation events, overlapping periods 
were eliminated.  I.e., each three-day total in the top one percent consists of unique dates in 
order to avoid counting any single-day total more than once. 
 Extremes were calculated for each station seasonally by decade.  Seasons were defined 
in the following way:   
16 
 
 Winter =   December, January, February (e.g., winter of 1950 includes December 
1949, January and February 1950) 
 Spring = March, April, May 
 Summer = June, July, August 
 Fall = September, October, November 
Extremes were not defined strictly as the top one percent of events, but also included all 
subsequent values that were equal to the final value in the top-1% list.  Truncation of the list of 
extreme values (at exactly one percent) would have led to an apparent decrease in frequency 
of events in the latter part of the time period for which the extremes were calculated.  In order 
to prevent this, the program used to determine the precipitation and temperature extremes 
allowed for inclusion of all values equal to the final value in the list. 
 
4.1.3 Calculation of Frequency and Trends 
Frequencies of extreme events were calculated by ordering data values from greatest to 
least (least to greatest for minimum temperature) and calculating the warmest (maximum 
temperature), coldest (minimum temperature), and heaviest (precipitation) one percent of 
events.  Counts of the number of events in each decade were binned into histograms by 
season.  Figures 11 through 28 show these graphs for each regional sample station as defined in 
Section 3.3. 
 Linear regression analyses were performed on the frequency histograms in order to 
determine seasonal and regional trends in occurrence of extreme events from 1950 to 2008.  
Trends were also examined for the first half of the period of record (1950 to 1979) and for the 
second half (1980 to 2008) in order to determine whether the frequencies of extreme events 
have increased more during the latter half of the POR.  Slopes of these linear regression lines 
are summarized in Tables 2 through 4. 
 
4.1.4 Significance Testing 
 The Monte Carlo method of statistical significance testing was used to determine levels 
of significance of the frequency trends over the entire observation period for each parameter at 
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each individual station.  The Monte Carlo approach is a statistical re-sampling method, in which 
the data values (temperature and precipitation) are randomized, or shuffled, multiple times 
(500 in this case).  In order to maintain seasonality, data were shuffled within season, but 
across decades.  Then, as with the original data, linear frequency trends were calculated 
seasonally across the entire POR for each of the 500 trials.  These new randomized trends were 
then placed in ascending order and used to determine significance of trends for the original 
data at the 80, 85, 90, 95, and 99% levels.   
Resulting significance levels indicate the percent chance that the trends are not random.  
For example, if the frequency trend for a particular season at a given station tests significant at 
the 99% level, there is a 1% chance that the trend is random.  Statistical significance at high 
levels is a good indication that the trend is real. 
Though a comparison is made between the frequency of extreme events in the first half 
of the POR (1950-1979) and the second half of the POR (1980 -2008), statistical significance 
testing was not conducted on the trends seen in these smaller subsets of the observation 
period.  Significance testing results are discussed in the next section and are summarized in 
Tables 5 through 7.  
 
4.2 RESULTS 
Results varied both regionally and seasonally, though some clear trends did emerge.  
The results are summarized for the entire observation period as the percent of stations in each 
region displaying an increasing trend in frequency of extreme maximum temperature events, a 
decreasing trend in frequency of extreme minimum temperature events, or an increasing trend 
in frequency of extreme heavy three-day precipitation events.  These percentages are displayed 
in Tables 8 through 10.   
In this section, increase(s) and decrease(s) always refers to an increase or decrease in 
the frequency of extreme events.  Unless otherwise specified, percentages shown refer to the 
percent of stations in a given region showing either an increase or decrease in frequency of 
extreme events as specified. 
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Generally, more stations show increasing (decreasing for minimum temperature) 
frequency trends in winter and spring than in summer or fall.  This pattern is consistent with 
overall increases in observed seasonal temperatures from 1949 to 2008 as shown in Figures 3 
through 6.  Highly significant (all stations tested at 90% or greater) trends in temperature, 
indicating increasing (decreasing) frequencies in warm (cold) extremes, were found in spring for 
the West Central, Interior, Southwest, and South Central regions.  Precipitation results 
displayed the greatest amount of variation.  A highly significant drying trend was seen in the 
Arctic region in winter, spring, and summer, while moderately significant increases in heavy-
event frequency were seen in the Southeast across all four seasons.  Precipitation trends in 
summer and fall were largely insignificant (not significant at the 80% level), with the exception 
of the Southeast. 
 
4.2.1 Regional and Seasonal Results for Entire Period of Record 
Maximum Temperature Extremes 
  The strongest trends in extreme maximum temperatures are seen in spring, in which all 
stations in all regions, except the Southeast, show increasing frequencies of extreme maximum 
temperature events.  In the Southeast, 71% of stations report increasing frequencies.  
Frequency trends for maximum temperature extremes in spring are statistically significant at 
the 90% level or greater for all stations except Annette and Sitka, both in the Southeast region.   
In winter, all stations in three of the six regions (Arctic, Interior, and South Central) 
display increasing frequencies of maximum temperature extremes, while the remaining three 
regions (West Central, Southwest, and Southeast) come in at 67, 50, and 71%, respectively.  
Winter results also display a high degree of significance, with all but four stations having results 
that are significant at the 85% level or greater, but the majority of stations are significant at the 
95% level or greater.  Stations that were not significant at the 80% level include Sitka (Southeast 
region), Bethel (West Central region), Northway (Interior region), and Barrow (Arctic region). 
Far fewer stations display increasing frequencies of maximum temperature extremes in 
summer and fall.  Detailed results are shown in Table 8.  Significance in these two seasons is 
also considerably lower than in winter and spring.  Less than half the stations within each 
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season are significant at the 90% level or greater, and many more stations show results that are 
not significant at the 80% level.  Detailed results are displayed in Table 5. 
Trends in frequency of maximum temperature extremes revealed in this study support 
earlier findings from CCSP SAP 3.3, which reported the largest increases in 90th percentile 
threshold temperatures to include much of Alaska for the observation period from 1950 to 
2006 (CCSP, 2008).  Although SAP 3.3 did not find results for the Aleutian Islands to be 
significant, results for the Southwest region (including the Aleutian Islands) are found to be 
significant at the 85% level or greater in this study.  
Changing frequencies in warm extremes seen in this study are consistent with observed 
seasonal temperature trends as shown in Figures 2 through 6.  These figures show the greatest 
overall warming in the winter and spring seasons.  Correspondingly, these seasons also display 
the greatest number of stations with increasing frequencies of warm extremes. 
 
Minimum Temperature Extremes 
Perhaps the most consistent trends seen throughout this study are in the occurrence of 
minimum temperature extremes.  Again, results are strongest and most significant in winter 
and spring.  These seasons contain the greatest number of stations displaying decreasing trends 
in the occurrence of extreme cold events.  As previously noted for warm extremes, these 
seasonal patterns are concordant with warming trends displayed in Figures 2 through 6.  
Decreases in the occurrence of cold extremes coincide with greater overall warming in winter 
and spring. 
In spring, all stations in all regions, except the Southeast (71%), show a decreasing trend 
in the frequency of minimum temperature extremes across the entire period of record.  Results 
for spring are significant at the 90% level or greater for 24 of the 26 stations.  One station 
(Barrow) is significant at the 85% level, and one station (Sitka) is not significant at the 80% level. 
In winter, four out of six regions (Arctic, West Central, Interior, and South Central) show 
decreasing frequency of minimum temperature extremes, while the remaining two regions 
(Southwest and Southeast) display percentages of 75 and 86, respectively.  These results show 
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a high degree of significance, with 21 of 26 stations being significant at the 90% level or greater, 
1 station at the 85% level, and 4 that are not significant at the 80% level. 
As with maximum temperature extremes, statistical significance and trends in frequency 
are not as strong in summer and fall for minimum temperature extremes.  In spring, all stations 
in four of six regions report decreasing frequencies of extreme minimum temperatures.  
However, significance levels at several stations are either lower than those in winter and spring 
or not significant at the 80% level.   
In fall, all stations in only three of the six regions report decreases in frequency of 
minimum temperature extremes.  This season also has the highest number of stations with 
results that are not significant at the 80% level.  Detailed results are shown in Tables 6 and 9.  
Note that significance levels for minimum temperature extremes in summer and fall are 
generally higher than those for maximum temperature or precipitation extremes in the same 
seasons. 
Again, findings in this research are consistent with findings from CCSP SAP 3.3.  For the 
period of record from 1950 to 2004, SAP 3.3 reports that all of Alaska showed an upward trend 
in the number of days with unusually warm daily low temperatures.  Here, we see a decrease in 
the occurrence of unusually cold daily low temperatures. 
 
Heavy Precipitation Extremes 
Trends in frequency of heavy precipitation extremes are highly variable, as would be 
expected with this naturally variable parameter.  Again, the greatest significance is seen in 
winter and spring, though significance levels are not as great as those for temperature 
extremes.  In spring, the West Central, Southwest, and Arctic regions are the only ones where 
all stations are significant at the 85% level or greater.  All stations in the West Central region 
show an increase in frequency of extreme three-day precipitation events, while only 25% of 
stations in the Southwest show the same.  The Arctic region actually shows a decrease in 
frequency of extreme precipitation events across all four seasons (results for fall are not 
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significant at the 80% level) 1.  The Interior, South Central, and Southeast show percentages of 
50, 40, and 57, respectively.  Only half the stations in the Interior, and less than half in the 
South Central, have results that are significant at the 85% level or greater.  In the Southeast, 
one of the wettest regions in Alaska, four of six stations are significant at the 90% level or 
greater, one is significant at the 80% level, and two are not significant at the 80% level. 
Results in winter are once again rather variable for extreme precipitation, with the 
greatest significance seen in the Southeast, West Central, and Interior, where 71, 67, and 33% 
of stations show increasing frequencies, respectively.  The majority of results for South Central 
and Southwest are not significant at the 80% level. 
In summer and fall, the majority of results are not significant for all regions except South 
Central (fall) and Southeast (summer and fall).  For fall in the South Central region, 60% of 
stations show an increase in frequency of heavy precipitation events.  Results for the stations 
showing decreasing frequency trends in this region (in fall) are not significant at the 80% level.  
In the Southeast, though results show a high degree of significance in both summer and fall, 
half of the stations in each season with significant results show a decrease in frequency of 
heavy precipitation events.  Detailed results are presented in Tables 7 and 10. 
Again, comparing results here to findings from CCSP SAP 3.3, we see a great deal of 
agreement.  As reported in SAP 3.3, southern Alaska showed an upward trend in the frequency 
of heavy precipitation events of 39%2.  However, the trend was not found to be statistically 
significant.  We see similar results in this study.  Many stations in the southern regions of Alaska 
show increases in frequency of heavy precipitation events, but test to be non-significant.  The 
Southeast region, however, contains mostly significant results in all four seasons, with winter 
and spring showing more increasing than decreasing trends.  Greater seasonal warming in 
winter and spring (Figures 2 through 6) is consonant with increasing occurrence of heavy 
precipitation extremes in the same seasons in this region. 
 
 
                                                          
1
 Precipitation measurements in the Arctic are notorious for their large uncertainty due to gauge under-catch 
caused by moderate to high wind conditions (Stafford et al., 2000). 
2
 Note that CCSP SAP 3.3 examined daily precipitation totals rather than 3-day totals as were used in this study. 
22 
 
4.2.2 Sub-period Comparison 
Given the shift in mean annual temperature anomalies since 1976 (Figure 7), this study 
examines whether or not frequencies of extreme events have seen greater increases in the 
latter half of the POR (1980-2008) when compared to the first half (1950-1979), assuming 
accelerated global warming (Figures 8 and 9).  This was done by calculating slopes of linear 
regression lines for each of the shorter sub-periods, then calculating the percent of stations 
within each region demonstrating an increasing frequency trend in maximum temperature and 
heavy precipitation extremes, or a decreasing frequency trend in minimum temperature 
extremes.  This was done on a seasonal basis as it was for results presented in the preceding 
section.  Linear slopes can be found in their entirety in Tables 2 through 4.  Percentages of 
stations for each region, season, and parameter can be found in Table 11. 
In winter, the strongest pattern is seen in minimum temperature extremes, where five 
of six regions show a greater percentage of stations with decreasing frequencies in the last half 
of the POR.  The only region of exception is the Arctic, where no change was observed.  
However, it is noteworthy that there is only one observation station (Barrow) in this region. 
Half of the regions (Interior, South Central, and Southeast) display this pattern of 
increase in station percentage for maximum temperature extremes in spring during the latter 
half of the POR.  No other obvious patterns emerge in this season. 
The clearest patterns are seen in summer.  For maximum temperature extremes, five 
out of six regions (exception is Interior) have larger percentages in the second half of the POR.  
Four of six regions (exceptions are Arctic and South Central) show larger percentages for 
minimum temperature extremes for the later sub-period.  For precipitation, five out of six 
regions (exception is Arctic) have larger percentages for the later sub-period. 
In fall, there is no clear indication that the frequency of extremes has changed in the 
hypothesized manner, though three of the six regions have larger percentages in the latter half 
of the POR for minimum temperature extremes.  Recall that the levels of significance were 
found to be lowest in summer and fall in the preceding section, and that significance testing 
was only performed on frequency trends determined for the entire POR and not for the 
individual sub-periods. 
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Overall, in the later sub-period (1980-2008), four of six regions (West Central, South 
Central, Southwest, and Southeast) share the following characteristics:  fewer minimum 
temperature extremes in winter and more maximum temperature and heavy precipitation 
extremes in summer.  
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CHAPTER 5 
CONCLUSION 
Consistent with an overall warming trend (Figure 1), general increases are seen in the 
frequency of warm extremes, decreases in the frequency of cold extremes, and some increases 
in occurrence of heavy precipitation events.  In this respect, the analysis confirms the first two 
hypotheses (Chapter 2) and provides mixed support for the third.   The observed trends are 
both regionally and seasonally dependent.   
Changing patterns of extreme events generally follow changes in mean climatic 
conditions.  I.e., as temperatures increase, the occurrence of warm extremes and heavy 
precipitation extremes also increases, while the occurrence of cold extremes generally 
decreases.  Due to regime shifts, changes do not always occur slowly or linearly.  For example, 
the stepwise shift in temperature anomalies shown in Figure 7 corresponds to a phase shift in 
the Pacific Decadal Oscillation (PDO) from a negative to a positive phase.  The positive phase of 
the PDO is characterized by increased southerly flow and warm air advection into Alaska during 
winter, resulting in mostly positive temperature anomalies (Alaska Climate Research Center, 
2008). 
Seasonal warming trends from 1949 to 2008 (Figures 2 through 6) indicate the greatest 
overall warming in winter, spring, summer, and fall, respectively, with cooling trends observed 
at some stations in fall.  The changes in frequency of extreme events found in this study are in 
concordance with these seasonal temperature trends.  There are general increases in the 
frequency of warm extremes with more stations showing increases in winter and spring.  
Statistical significance of these changes is also greatest in winter and spring.  Overall decreases 
in the frequency of cold extremes are seen for most regions and seasons.  Again, the greatest 
degree of significance is observed in winter and spring, though minimum temperature extremes 
generally display a greater degree of significance in summer and fall than do maximum 
temperature or precipitation extremes.  Changes in frequency of extreme warm and extreme 
cold events are consistent with hypotheses numbers 1 and 2 as proposed in Chapter 2. 
A warmer atmosphere increases evaporation and has a greater capacity to hold 
moisture, generally leading to an increase in precipitation (GCCI, 2009).  As annual precipitation 
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totals increase (Stafford et al., 2000), it is reasonable to expect corresponding increases in 
heavy precipitation extremes, as hypothesized in Chapter 2.  While increases in the frequency 
of extreme three-day precipitation events were found in this study, there is a great deal of 
variability by region and season, and many of the results tested non-significant at the 80% level 
under Monte Carlo statistical significance testing methods.  The most significant and consistent 
increasing pattern was found in the Southeast region which is also one of the climatologically 
wettest regions in Alaska.  More southeastern stations showed increases in heavy-precipitation 
frequency in winter than in any other season.  Results generally support hypothesis number 3 
(see Chapter 2) with much regional and seasonal dependence, and significance results are quite 
variable. 
Examination of the first half of the period of record (1950-1979) as compared to the 
second half (1980-2008) yielded mixed results.  As discussed in Chapter 2, testing of this fourth 
hypothesis was more complex than the previous three.  This examination was undertaken 
based upon a phase shift in the PDO in 1976 (from negative to positive, see Figure 7) and under 
the assumption of accelerated global warming (Figures 8 and 9).  While observed decreases in 
the frequency of cold extremes in winter coincided with seasonal temperature trends over the 
entire period of record (Figures 2 through 6), increases in frequency of warm extremes and 
heavy-precipitation events showed more obvious patterns in summer.  Since statistical 
significance tests were not performed on these sub-periods, it is difficult to determine the 
reality of the strong summer patterns found here. 
This study has focused on extremes of temperature and heavy precipitation.  There is a 
need to extend such work to include additional variables that impact humans, ecosystems and 
infrastructure.  Examples of such extensions include assessments of changes in winds, 
especially in coastal regions where storms can produce flooding and erosion.  Extended dry 
periods, or droughts, are highly relevant to fire outbreaks, inland transportation by rivers and 
lakes.  The combination of heat and moisture stress can also leave forests vulnerable to die-off 
and insect infestation.  Finally, impacts of extended-duration events of extreme heat or cold 
can be greater than the corresponding sum of impacts of shorter-duration events of 
comparable intensity.  A study of the changes in the duration and cumulative intensity of 
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extreme events, in addition to their frequencies, is a priority for northern regions that are being 
increasingly affected by climate change.   
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CHAPTER 6 
FIGURES AND TABLES 
 
Figure 1. Annual global temperature trends from 1949 to 2008. Image generated using NASA GISTEMP 
website. <http://data.giss.nasa.gov/gistemp/maps/> 
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Figure 2. Seasonal trends in temperature in Alaska from 1949 to 2008.  Image from the Alaska Climate 
Research Center. <http://climate.gi.alaska.edu/ClimTrends/Change/TempChange.html> 
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Figure 3. Global temperature trends in winter from 1949 to 2008. Image generated using NASA GISTEMP 
website. <http://data.giss.nasa.gov/gistemp/maps/> 
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Figure 4. Global temperature trends in spring from 1949 to 2008. Image generated using NASA GISTEMP 
website. <http://data.giss.nasa.gov/gistemp/maps/> 
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Figure 5. Global temperature trends in summer from 1949 to 2008. Image generated using NASA 
GISTEMP website. <http://data.giss.nasa.gov/gistemp/maps/> 
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Figure 6. Global temperature trends in fall from 1949 to 2008. Image generated using NASA GISTEMP 
website. <http://data.giss.nasa.gov/gistemp/maps/> 
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Figure 7. Mean annual temperature departure for Alaska from 1949 to 2008. Image from the Alaska 
Climate Research Center. <http://climate.gi.alaska.edu/ClimTrends/Change/TempChange.html> 
 
  
34 
 
Figure 8. Annual global temperature trends from 1949 to 1979. Image generated using NASA GISTEMP 
website. <http://data.giss.nasa.gov/gistemp/maps/> 
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Figure 9. Annual global temperature trends from 1980 to 2008. Image generated using NASA GISTEMP 
website. <http://data.giss.nasa.gov/gistemp/maps/> 
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Figure 10. Image from the Alaska Climate Research Center depicting regional divisions of surface 
observing stations throughout Alaska. <http://climate.gi.alaska.edu/Climate/Location/Index.html> 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 – Southeast 
2 – South Coast 
3 – Southwest Islands 
4 – Copper River Basin 
5 – Cook Inlet 
6 – Bristol Bay 
7 – West Central 
8 – Interior Basin 
9 – Arctic Drainage 
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Table 1. Percent completeness of records by parameter for each decade.  Percentages between 80 and 
89.99 are highlighted in blue, and percentages less than 80 are highlighted in red. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Precip Tmax Tmin Precip Tmax Tmin Precip Tmax Tmin
ANCHORAGE INTL AP 75.63% 74.64% 75.47% 100% 100.00% 100% 100% 100% 100%
ANNETTE ISLAND AP 99.70% 99.70% 99.70% 99.89% 99.89% 99.89% 100% 100% 100%
BARROW POST ROGERS AP 99.53% 99.53% 99.53% 100% 100% 100% 100% 100% 100%
BETHEL AP 99.86% 99.86% 99.86% 100% 100% 100% 100% 100% 100%
BETTLES AP 85.19% 86.04% 86.04% 100% 100% 100% 100% 99.89% 99.89%
BIG DELTA AP 99.97% 100% 100% 100% 100% 99.97% 99.97% 99.97% 99.97%
COLD BAY AP 95.59% 95.56% 96.60% 99.97% 99.97% 99.97% 100% 100% 100%
CORDOVA M K SMITH AP 100% 100% 100% 99.10% 99.86% 99.84% 100% 99.95% 99.92%
FAIRBANKS INTL AP 100% 100% 100% 100% 100% 100% 100% 100% 100%
GULKANA AP 100% 100% 99.97% 100% 100% 100% 97.51% 97.48% 96.14%
HOMER AP 99.97% 100% 100% 99.97% 99.97% 99.97% 99.26% 99.26% 99.26%
ILIAMNA AP 100% 100% 100% 99.92% 99.89% 99.89% 68.54% 62.08% 62.38%
JUNEAU INTL AP 99.07% 99.07% 99.07% 100% 100% 100% 100% 100% 100%
KENAI MUNI AP 99.59% 99.59% 99.59% 100% 100% 100% 100% 100% 100%
KETCHIKAN INTL AP 98.80% 98.80% 98.80% 98.96% 99.04% 99.04% 93.07% 92.94% 92.74%
KING SALMON AP 99.97% 100% 100% 100% 100% 100% 100% 100% 100%
KODIAK AP 99.97% 99.95% 99.97% 99.97% 100% 100% 100% 99.89% 99.78%
KOTZEBUE RALPH WIEN AP 98.80% 98.80% 98.80% 100% 100% 100% 100% 100% 100%
MCGRATH AP 99.97% 100% 100% 100% 100% 100% 100% 100% 100%
NOME MUNI AP 99.73% 99.73% 99.73% 99.97% 99.97% 99.97% 100% 100% 100%
NORTHWAY AP 98.03% 98.06% 98.06% 99.97% 99.97% 99.97% 99.97% 99.97% 99.97%
SITKA JAPONSKI AP 99.97% 99.97% 99.97% 99.97% 99.97% 99.97% 100% 100% 100%
ST PAUL ISLAND AP 100% 99.97% 99.97% 100% 100% 100% 100% 100% 100%
TALKEETNA AP 99.59% 99.59% 99.59% 100% 100% 100% 100% 100% 100%
TANANA CALHOUN MEM AP 99.42% 97.81% 97.81% 99.97% 99.97% 99.97% 80.56% 80.12% 80.23%
YAKUTAT STATE AP 99.89% 99.89% 99.86% 100% 100% 100% 100% 100% 100%
Station
% coverage 1950 - 1959 % coverage 1960 - 1969 % coverage 1970 - 1979
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Table 1 (cont.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Precip Tmax Tmin Precip Tmax Tmin Precip Tmax Tmin
ANCHORAGE INTL AP 100% 100% 100% 100% 100% 100% 100% 100% 99.97%
ANNETTE ISLAND AP 100% 100% 100% 100% 100% 100% 100% 100% 100%
BARROW POST ROGERS AP 99.70% 99.70% 99.67% 100% 100% 100% 100% 100% 100%
BETHEL AP 100% 99.97% 100% 100% 100% 100% 100% 100% 100%
BETTLES AP 100% 99.84% 99.75% 100% 99.64% 99.95% 100% 100% 100%
BIG DELTA AP 100% 100% 100% 88.12% 90.06% 89.65% 99.97% 100% 100%
COLD BAY AP 100% 100% 100% 100% 100% 100% 100% 100% 99.97%
CORDOVA M K SMITH AP 99.59% 98.91% 98.80% 98.19% 97.97% 97.97% 100% 100% 100%
FAIRBANKS INTL AP 100% 100% 100% 100% 100% 100% 99.97% 100% 100%
GULKANA AP 99.97% 100% 99.97% 99.34% 99.40% 99.37% 100% 100% 100%
HOMER AP 100% 100% 100% 96.11% 100% 99.95% 99.85% 100% 100%
ILIAMNA AP 99.32% 98.93% 98.85% 85.41% 85.60% 85.19% 99.36% 99.85% 99.85%
JUNEAU INTL AP 97.37% 97.48% 97.48% 100% 99.97% 100% 100% 100% 100%
KENAI MUNI AP 100% 99.75% 99.75% 100% 99.40% 99.42% 100% 100% 99.97%
KETCHIKAN INTL AP 70.19% 69.15% 69.67% 77.63% 77.74% 77.74% 99.97% 99.79% 99.79%
KING SALMON AP 100% 100% 100% 100% 100% 100% 100% 100% 100%
KODIAK AP 100% 100% 99.97% 100% 100% 100% 100% 100% 100%
KOTZEBUE RALPH WIEN AP 100% 99.97% 99.97% 100% 100% 100% 100% 100% 100%
MCGRATH AP 100% 99.84% 99.95% 100% 99.97% 99.86% 100% 100% 100%
NOME MUNI AP 99.73% 99.73% 99.73% 100% 100% 100% 99.15% 99.15% 99.15%
NORTHWAY AP 89.87% 89.95% 89.95% 99.18% 99.18% 99.18% 99.88% 99.97% 100%
SITKA JAPONSKI AP 100% 100% 100% 78.34% 78.37% 78.37% 99.03% 99.15% 99.15%
ST PAUL ISLAND AP 100% 100% 100% 100% 100% 100% 100% 100% 99.97%
TALKEETNA AP 99.95% 99.95% 99.95% 99.07% 99.15% 99.10% 99.97% 100% 99.97%
TANANA CALHOUN MEM AP 99.78% 99.59% 99.59% 99.29% 99.26% 99.15% 98.97% 98.91% 98.45%
YAKUTAT STATE AP 99.81% 99.81% 99.81% 100% 100% 100% 100% 100% 100%
Station
% coverage 1980 - 1989 % coverage 1990 - 1999 % coverage 2000 - 2008
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Table 2. Linear trends in frequency of maximum temperature extremes for various periods of record. 
  
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Annette Island AP 0.57 1.00 -3.50 -0.46 -0.50 2.50 -0.80 4.50 2.00 -1.03 2.00 -3.50
Cordova MK Smith AP 4.11 3.00 16.50 3.49 1.50 6.50 0.31 4.00 -0.50 0.83 3.00 -4.00
Juneau Intl AP 1.60 1.00 -3.50 1.89 -2.00 3.50 0.77 -4.00 4.00 -0.89 3.50 -3.00
Ketchikan Intl AP -3.06 -3.50 -3.00 -3.60 -4.50 1.50 -3.00 2.50 2.00 -3.40 1.50 -2.00
Kodiak AP -1.00 -4.50 -5.00 1.91 -0.50 4.50 0.46 -1.00 3.50 -0.23 2.50 -9.00
Sitka Japonski AP -0.34 1.00 -1.00 0.03 3.00 1.00 -0.43 0.50 2.50 -1.26 4.50 -5.00
Yakutat State AP 2.03 0.50 0.00 2.86 1.50 4.00 0.23 1.00 2.50 0.74 2.00 -1.50
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Anchorage Intl AP 2.51 5.50 -3.00 2.09 1.00 6.00 0.71 0.50 5.00 -1.34 7.50 -0.50
Gulkana AP 2.77 5.00 -5.50 2.14 1.00 5.00 -2.11 -9.50 4.50 -0.94 3.50 -2.00
Homer AP 3.86 2.50 5.00 3.60 -0.50 11.00 0.49 -2.50 6.00 -0.17 2.00 -0.50
Kenai Municipal AP 2.17 1.50 2.50 3.11 -1.00 8.00 0.60 1.00 6.50 -0.60 5.00 2.50
Talkeetna AP 3.09 1.50 7.50 2.06 1.50 6.00 0.43 -3.00 9.00 -0.49 7.00 1.50
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Cold Bay AP -0.86 1.50 0.00 1.29 -0.50 0.50 -1.71 0.00 -4.50 -1.14 0.50 -1.50
Iliamna AP 4.20 3.50 8.50 2.40 0.50 5.50 -0.74 -7.00 8.00 -0.69 5.50 2.00
King Salmon AP 1.69 1.50 0.50 3.89 2.00 6.50 -0.54 -9.00 8.00 -1.69 1.50 1.00
Saint Paul Island AP -1.34 8.00 -5.50 3.20 2.50 -1.50 2.83 2.00 2.50 3.14 11.50 5.50
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Bethel AP -0.11 0.50 0.00 2.46 5.00 4.50 0.09 -0.50 5.00 -0.46 4.50 -1.00
Kotzebue Ralph Wien AP 1.06 1.00 -4.50 1.14 -1.50 -0.50 -0.49 -1.00 0.50 -0.43 2.50 -2.50
Nome Municipal AP 0.66 1.00 -6.50 1.23 1.00 -1.50 0.91 7.00 -2.00 1.06 4.50 2.50
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Bettles AP 1.77 1.00 -5.00 2.26 0.50 -1.00 -0.26 1.00 -2.50 0.77 8.50 5.00
Big Delta AP 2.03 2.50 -2.00 1.26 1.00 1.00 -1.00 -2.00 1.50 -1.29 2.50 -2.50
Fairbanks Intl AP 2.26 5.00 -4.00 1.94 1.00 4.00 -1.26 -2.00 -3.00 -0.86 -0.50 -1.00
McGrath AP 3.09 6.00 0.00 3.23 0.50 7.50 -0.51 -0.50 -1.00 0.77 9.50 2.50
Northway AP 0.23 2.50 1.00 2.17 0.00 2.50 1.40 1.00 0.00 -1.09 1.50 -6.50
Tanana Calhoun Memorial AP 0.83 1.50 0.50 2.17 -0.50 3.00 -1.03 -1.00 -2.00 1.31 6.00 5.50
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Barrow Post Rogers AP 0.23 1.00 -0.50 2.20 3.00 -7.00 1.66 -1.00 2.00 1.51 0.00 5.00
South Central (copper river 
basin & cook inlet
Winter Spring Summer Fall
Southeast (southeast & south 
coast)
Winter Spring Summer Fall
West Central
Winter Spring Summer Fall
Southwest (sw/aleutian islands 
& bristol bay)
Winter Spring Summer Fall
Arctic Drainage
Winter Spring Summer Fall
Interior Basin
Winter Spring Summer Fall
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Table 3. Linear trends in frequency of minimum temperature extremes for various periods of record. 
  
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Annette Island AP -3.31 -2.00 -1.50 -1.51 -7.50 4.00 -3.23 1.50 -3.50 -1.03 -1.00 -6.50
Cordova MK Smith AP -2.46 4.00 -4.50 -3.77 -3.50 -2.50 -2.31 -3.50 -1.00 -0.06 4.00 -4.50
Juneau Intl AP -5.00 -2.50 0.00 -2.31 2.00 1.00 -4.46 -0.50 0.50 -2.97 -1.50 2.50
Ketchikan Intl AP -2.23 0.50 -0.50 0.57 -4.50 9.50 0.17 6.00 6.00 -1.11 -1.00 4.00
Kodiak AP 0.69 11.00 -6.50 -1.14 9.00 2.00 0.31 6.00 2.00 1.23 7.50 2.50
Sitka Japonski AP -4.31 3.00 -1.00 -0.46 -4.50 5.00 -2.06 -2.00 -2.50 -0.43 -2.00 -2.50
Yakutat State AP -3.77 2.00 -2.00 -2.60 -0.50 -2.00 -2.69 3.00 -1.00 -0.97 0.50 -1.50
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Anchorage Intl AP -2.57 0.50 -3.50 -3.40 -4.50 -0.50 -1.69 -1.50 -2.00 -1.97 -5.00 0.50
Gulkana AP -2.23 8.50 -4.00 -3.26 -1.50 -1.50 -0.60 0.00 -3.00 -0.51 -6.50 2.00
Homer AP -2.46 5.00 -4.00 -4.60 -2.50 0.50 -7.14 -5.50 -1.50 0.06 -0.50 1.00
Kenai Municipal AP -3.00 7.00 -2.50 -3.74 3.00 -0.50 -0.20 -2.00 2.50 -2.23 1.00 0.50
Talkeetna AP -1.91 5.00 -3.00 -3.83 0.00 -0.50 -4.46 -4.00 -3.50 -3.40 -4.00 -2.50
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Cold Bay AP -0.23 3.50 -1.00 -1.63 11.00 1.00 -0.37 10.00 -6.50 0.11 7.50 -2.00
Iliamna AP -2.34 -8.00 -2.00 -3.40 -2.50 0.50 -3.83 -13.00 -5.50 -0.66 0.50 2.00
King Salmon AP 1.97 2.00 7.00 -2.63 5.00 0.50 -0.20 0.00 -2.50 0.66 4.00 -2.00
Saint Paul Island AP -1.69 9.50 -2.50 -1.43 15.00 -0.50 -1.34 3.00 -3.50 0.20 4.00 -12.00
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Bethel AP -2.63 -7.00 -2.50 -4.14 4.50 0.50 -1.83 3.00 -1.00 0.34 1.50 -1.50
Kotzebue Ralph Wien AP -2.60 -5.50 -1.50 -2.34 8.00 0.00 -1.74 2.50 1.00 -2.49 -2.50 -0.50
Nome Municipal AP -0.29 12.00 -7.00 -2.97 12.00 -0.50 -0.94 6.00 0.00 -1.29 3.50 -2.00
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Bettles AP -1.17 9.50 -5.50 -1.80 0.00 0.00 0.43 -1.00 -0.50 -1.46 -1.50 -3.00
Big Delta AP -2.94 8.50 -5.00 -2.49 -3.00 -1.50 1.11 3.50 -5.00 -2.00 3.00 0.50
Fairbanks Intl AP -4.34 1.00 0.00 -3.60 -8.00 2.00 -1.29 -5.50 -5.00 -3.29 -3.00 -2.50
McGrath AP -0.57 5.00 -7.00 -2.71 -0.50 -1.50 -0.77 1.00 -2.50 -1.43 4.50 -3.50
Northway AP -3.63 6.50 -3.00 -1.20 -1.00 -2.00 -0.80 0.00 0.50 -0.40 -4.00 -2.50
Tanana Calhoun Memorial AP -0.63 4.00 -6.50 -2.63 -4.00 0.50 -0.94 -1.50 -3.00 -1.06 -1.00 -3.00
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Barrow Post Rogers AP -1.97 -6.50 -5.50 -0.94 2.00 1.00 -3.66 -4.50 -0.50 -0.34 -2.00 -2.50
South Central (copper river basin 
& cook inlet
Winter Spring Summer Fall
Southeast (southeast & south 
coast)
Winter Spring Summer Fall
West Central
Winter Spring Summer Fall
Southwest (sw/aleutian islands 
& bristol bay)
Winter Spring Summer Fall
Arctic Drainage
Winter Spring Summer Fall
Interior Basin
Winter Spring Summer Fall
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Table 4. Linear trends in frequency of extreme 3-day precipitation events for various periods of record. 
  
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Annette Island AP -2.09 -7.00 1.50 -2.46 -7.50 1.00 -1.60 -5.50 2.00 -1.83 -7.50 0.50
Cordova MK Smith AP 0.37 1.00 -7.50 -0.31 5.50 -1.50 -0.46 -4.00 -1.50 -0.94 -2.00 -1.00
Juneau Intl AP 1.74 0.50 3.50 1.60 -1.00 3.00 0.60 -0.50 0.50 1.77 1.00 4.00
Ketchikan Intel AP 0.40 -2.50 6.00 0.23 -0.50 5.50 -0.97 -0.50 2.50 -1.17 -0.50 0.00
Kodiak AP 2.66 4.50 0.00 1.91 2.50 0.00 1.54 4.50 0.00 2.54 3.00 2.00
Sitka Japonski AP -0.34 -2.00 -2.50 -1.31 -2.00 -5.00 -1.31 -5.50 -1.50 0.14 2.00 0.00
Yakutat State AP 1.51 1.50 -5.50 0.34 2.00 -2.00 0.97 0.50 -2.50 1.17 1.50 -4.00
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Anchorage Intl AP 0.03 1.50 -0.50 -0.46 1.00 -2.00 0.11 -4.00 -2.50 1.29 -1.00 1.00
Gulkana AP -0.31 1.50 -3.50 0.31 1.50 -1.00 0.31 0.00 0.50 0.46 -4.00 2.00
Homer AP 1.00 1.50 -5.50 -0.06 2.00 -7.00 -0.89 -2.50 -3.00 -0.51 0.00 -3.00
Kenai Municipal AP -0.74 0.50 -1.00 -1.43 -2.50 0.50 -1.26 -5.50 -1.00 -0.20 3.50 0.00
Talkeetna AP -0.37 -2.00 -0.50 0.06 2.00 1.50 -0.46 -1.50 -4.00 1.11 0.50 1.00
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Cold Bay AP 1.94 2.50 7.00 0.80 2.00 5.00 -0.23 0.00 -0.50 0.03 0.00 -2.00
Iliamna AP -0.77 -0.50 -1.00 -1.26 -3.00 -2.00 -0.77 -0.50 -2.50 0.86 1.00 -1.00
King Salmon AP -0.40 -2.00 0.00 -1.09 -0.50 0.00 0.43 -1.00 1.00 0.49 -1.50 0.50
Saint Paul Island AP 0.03 0.50 0.50 -0.83 -0.50 -1.50 -1.20 -7.00 -3.50 -0.51 -4.50 -1.50
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Bethel AP -1.00 -8.00 -1.50 1.17 -3.50 2.50 -0.37 -6.00 3.50 2.06 0.00 6.00
Kotzebue Ralph Wien AP 3.60 2.00 4.00 1.69 1.00 -0.50 -1.29 -4.00 -0.50 0.03 0.50 -2.50
Nome Municipal AP 1.91 1.00 3.00 0.86 -4.00 -2.00 -0.49 -4.00 0.50 -0.26 0.00 -1.50
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Bettles AP 0.29 1.00 3.00 0.34 -0.50 2.00 0.71 -1.00 0.50 -0.34 0.00 -1.50
Big Delta AP -0.46 -4.50 -4.00 -1.23 -2.00 -2.00 -0.46 -1.50 -2.50 0.23 -0.50 -5.00
Fairbanks Intl AP -1.11 -1.00 -0.50 -0.06 -1.00 0.50 0.26 -1.00 1.00 -0.51 1.50 -1.50
McGrath AP 1.34 2.00 1.50 -0.23 0.00 -2.00 -1.20 -6.00 -1.50 0.60 1.00 -2.50
Northway AP -0.94 0.00 -1.50 0.71 0.50 0.50 -0.03 -1.50 2.00 0.31 0.50 3.00
Tanana Calhoun Memorial AP -1.20 1.50 -3.00 0.57 0.00 2.00 0.40 -1.50 2.00 -0.46 0.00 -4.00
1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s 1950-2008 50s-70s 80s-00s
Barrow Post Rogers AP -3.31 -7.00 0.50 -1.11 0.00 0.00 -1.31 -3.00 -2.50 -0.63 -2.00 1.00
South Central (copper river basin 
& cook inlet
Winter Spring Summer Fall
Southeast (southeast & south 
coast)
Winter Spring Summer Fall
West Central
Winter Spring Summer Fall
Southwest (sw/aleutian islands 
& bristol bay)
Winter Spring Summer Fall
Arctic Drainage
Winter Spring Summer Fall
Interior Basin
Winter Spring Summer Fall
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Table 5. Monte Carlo significance test results for trends of maximum temperature extremes from 1950 
to 2008. Results that were not significant at the 80% level are labeled “not sig” in the following table. 
  
Southeast (southeast & south 
coast)
Winter Spring Summer Fall
Annette Island AP 85% not sig 80% 85%
Cordova MK Smith AP 99% 99% not sig 90%
Juneau Intl AP 95% 99% 85% 85%
Ketchikan Intl AP 99% 99% 99% 99%
Kodiak AP 85% 99% 80% not sig
Sitka Japonski AP not sig not sig not sig 85%
Yakutat State AP 99% 99% not sig 85%
South Central (copper river 
basin & cook inlet
Winter Spring Summer Fall
Anchorage Intl AP 99% 99% not sig 95%
Gulkana AP 99% 99% 99% 80%
Homer AP 99% 99% 80% not sig
Kenai Municipal AP 99% 99% 85% not sig
Talkeetna AP 99% 99% not sig not sig
Southwest (sw/aleutian islands 
& bristol bay)
Winter Spring Summer Fall
Cold Bay AP 85% 95% 95% 85%
Iliamna AP 99% 99% not sig not sig
King Salmon AP 99% 99% not sig 95%
Saint Paul Island AP 85% 99% 99% 99%
West Central Winter Spring Summer Fall
Bethel AP not sig 99% not sig not sig
Kotzebue Ralph Wien AP 95% 90% not sig not sig
Nome Municipal AP 85% 95% 85% 95%
Interior Basin Winter Spring Summer Fall
Bettles AP 95% 99% not sig 85%
Big Delta AP 99% 95% 85% 90%
Fairbanks Intl AP 99% 99% 90% 85%
McGrath AP 99% 99% not sig 85%
Northway AP not sig 99% 90% 90%
Tanana Calhoun Memorial AP 85% 99% 90% 95%
Arctic Drainage Winter Spring Summer Fall
Barrow Post Rogers AP not sig 99% 99% 99%
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Table 6. Monte Carlo significance test results for trends of minimum temperature extremes from 1950 
to 2008. Results that were not significant at the 80% level are labeled “not sig” in the following table. 
 
 
 
 
 
Southeast (southeast & south 
coast)
Winter Spring Summer Fall
Annette Island AP 99% 95% 99% 85%
Cordova MK Smith AP 99% 99% 99% not sig
Juneau Intl AP 99% 99% 99% 99%
Ketchikan Intl AP 99% 90% not sig 85%
Kodiak AP 85% 90% not sig 95%
Sitka Japonski AP 99% not sig 99% not sig
Yakutat State AP 99% 99% 99% 85%
South Central (copper river basin 
& cook inlet
Winter Spring Summer Fall
Anchorage Intl AP 99% 99% 99% 99%
Gulkana AP 99% 99% not sig not sig
Homer AP 99% 99% 99% not sig
Kenai Municipal AP 99% 99% not sig 99%
Talkeetna AP 99% 99% 99% 99%
Southwest (sw/aleutian islands & 
bristol bay)
Winter Spring Summer Fall
Cold Bay AP not sig 95% not sig not sig
Iliamna AP 99% 99% 99% not sig
King Salmon AP 99% 99% not sig 85%
Saint Paul Island AP 95% 95% 95% not sig
West Central Winter Spring Summer Fall
Bethel AP 99% 99% 99% 80%
Kotzebue Ralph Wien AP 99% 99% 95% 99%
Nome Municipal AP not sig 99% 80% 95%
Interior Basin Winter Spring Summer Fall
Bettles AP 95% 99% not sig 95%
Big Delta AP 99% 99% 95% 99%
Fairbanks Intl AP 99% 99% 90% 99%
McGrath AP not sig 99% 80% 95%
Northway AP 99% 90% 80% not sig
Tanana Calhoun Memorial AP not sig 99% 85% 90%
Arctic Drainage Winter Spring Summer Fall
Barrow Post Rogers AP 99% 85% 99% not sig
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Table 7. Monte Carlo significance test results for trends of extreme 3-day precipitation events from 1950 
to 2008. Results that were not significant at the 80% level are labeled “not sig” in the following table. 
Southeast (southeast & south 
coast)
Winter Spring Summer Fall
Annette Island AP 99% 99% 95% 99%
Cordova MK Smith AP 80% not sig not sig 85%
Juneau Intl AP 99% 99% 85% 99%
Ketchikan Intl AP 85% not sig 85% 90%
Kodiak AP 99% 99% 99% 99%
Sitka Japonski AP not sig 90% 90% not sig
Yakutat State AP 99% 80% 90% 95%
South Central (copper river basin 
& cook inlet
Winter Spring Summer Fall
Anchorage Intl AP not sig 85% not sig 95%
Gulkana AP not sig not sig not sig 80%
Homer AP 95% not sig 85% not sig
Kenai Municipal AP 80% 90% 90% not sig
Talkeetna AP not sig not sig not sig 95%
Southwest (sw/aleutian islands 
& bristol bay)
Winter Spring Summer Fall
Cold Bay AP 99% 85% not sig not sig
Iliamna AP not sig 99% 80% 90%
King Salmon AP not sig 90% not sig not sig
Saint Paul Island AP not sig 85% 95% not sig
West Central Winter Spring Summer Fall
Bethel AP 85% 95% not sig 99%
Kotzebue Ralph Wien AP 99% 99% 95% not sig
Nome Municipal AP 99% 85% not sig not sig
Interior Basin Winter Spring Summer Fall
Bettles AP not sig not sig 80% not sig
Big Delta AP not sig 90% not sig not sig
Fairbanks Intl AP 90% not sig not sig not sig
McGrath AP 99% not sig 95% 80%
Northway AP 85% 85% not sig not sig
Tanana Calhoun Memorial AP 90% 85% not sig not sig
Arctic Drainage Winter Spring Summer Fall
Barrow Post Rogers AP 99% 90% 95% not sig
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Figure 11. Frequency histogram of maximum temperature extremes in Juneau, AK. 
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Figure 12. Frequency histogram of minimum temperature extremes in Juneau, AK. 
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Figure 13. Frequency histogram of extreme 3-day precipitation events in Juneau, AK. 
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Figure 14. Frequency histogram of maximum temperature extremes in Kenai, AK. 
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Figure 15. Frequency histogram of minimum temperature extremes in Kenai, AK. 
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Figure 16. Frequency histogram of extreme 3-day precipitation events in Kenai, AK. 
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Figure 17. Frequency histogram of maximum temperature extremes in Saint Paul, AK. 
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Figure 18. Frequency histogram of minimum temperature extremes in Saint Paul, AK. 
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Figure 19. Frequency histogram of extreme 3-day precipitation events in Saint Paul, AK. 
  
54 
 
Figure 20. Frequency histogram of maximum temperature extremes in Nome, AK. 
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Figure 21. Frequency histogram of minimum temperature extremes in Nome, AK. 
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Figure 22. Frequency histogram of extreme 3-day precipitation events in Nome, AK. 
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Figure 23. Frequency histogram of maximum temperature extremes in Fairbanks, AK. 
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Figure 24. Frequency histogram of minimum temperature extremes in Fairbanks, AK. 
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Figure 25. Frequency histogram of extreme 3-day precipitation events in Fairbanks, AK. 
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Figure 26. Frequency histogram of maximum temperature extremes in Barrow, AK. 
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Figure 27. Frequency histogram of minimum temperature extremes in Barrow, AK. 
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Figure 28. Frequency histogram of extreme 3-day precipitation events in Barrow, AK. 
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Table 8. Percent of stations showing increasing frequency of extreme maximum temperature events. 
Percentages are rounded to the nearest whole number. 
 
 
Table 9. Percent of stations showing decreasing frequency of extreme minimum temperature events. 
Percentages are rounded to the nearest whole number. 
 
 
Table 10. Percent of stations showing increasing frequency of extreme 3-day precipitation events. 
Percentages are rounded to the nearest whole number. 
  
Region Winter Spring Summer Fall
Arctic 100% 100% 100% 100%
West Central 67% 100% 67% 33%
Interior 100% 100% 17% 50%
Southwest 50% 100% 25% 25%
South Central 100% 100% 80% 0%
Southeast 71% 71% 57% 86%
Region Winter Spring Summer Fall
Arctic 100% 100% 100% 100%
West Central 100% 100% 100% 67%
Interior 100% 100% 67% 100%
Southwest 75% 100% 100% 25%
South Central 100% 100% 100% 80%
Southeast 86% 86% 71% 100%
Region Winter Spring Summer Fall
Arctic 0% 0% 0% 0%
West Central 67% 100% 0% 67%
Interior 33% 50% 50% 50%
Southwest 50% 25% 25% 75%
South Central 40% 40% 40% 60%
Southeast 71% 57% 43% 57%
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Table 11.  Percent of stations showing increasing (decreasing) frequency of maximum temperature and 
precipitation (minimum temperature) extremes in the first half of the POR (1950-1979) and the second 
half of the POR (1980-2008). 
  
Tmax                    
(1950-1979)
Tmax                      
(1980-2008)
Tmin                    
(1950-1979)
Tmin                      
(1980-2008)
Precip                     
(1950-1979)
Precip                      
(1980-2008)
Winter
Southeast 71.4% 14.3% 33.3% 85.7% 57.1% 42.9%
South Central 100.0% 60.0% 0.0% 100.0% 80.0% 0.0%
Southwest 100.0% 50.0% 25.0% 75.0% 50.0% 50.0%
West Central 100.0% 0.0% 66.7% 100.0% 66.7% 66.7%
Interior 100.0% 33.3% 0.0% 83.3% 50.0% 33.3%
Arctic 100.0% 0.0% 100.0% 100.0% 0.0% 100.0%
Spring
Southeast 42.9% 100.0% 71.4% 33.3% 42.9% 42.9%
South Central 60.0% 100.0% 60.0% 80.0% 80.0% 40.0%
Southwest 75.0% 75.0% 25.0% 25.0% 25.0% 25.0%
West Central 66.7% 33.3% 0.0% 33.3% 33.3% 33.3%
Interior 66.7% 83.3% 83.3% 50.0% 16.7% 66.7%
Arctic 100.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Summer
Southeast 71.4% 85.7% 42.9% 57.1% 28.6% 42.9%
South Central 40.0% 100.0% 80.0% 80.0% 0.0% 20.0%
Southwest 25.0% 75.0% 25.0% 100.0% 0.0% 25.0%
West Central 33.3% 66.7% 0.0% 33.3% 0.0% 66.7%
Interior 33.3% 16.7% 50.0% 83.3% 0.0% 66.7%
Arctic 0.0% 100.0% 100.0% 100.0% 0.0% 0.0%
Fall
Southeast 100.0% 0.0% 57.1% 57.1% 57.1% 42.9%
South Central 100.0% 40.0% 80.0% 20.0% 40.0% 60.0%
Southwest 100.0% 75.0% 0.0% 75.0% 25.0% 25.0%
West Central 100.0% 33.3% 33.3% 100.0% 33.3% 33.3%
Interior 83.3% 50.0% 66.7% 83.3% 50.0% 16.7%
Arctic 0.0% 100.0% 100.0% 100.0% 0.0% 100.0%
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